Stimulation of a photoreceptor by intermittent light produces a sensation of continuous brightness if the frequency of interruption is sufficient. Talbot's law states that the effect of such intermittent light of intensity I is identical with that of continuous light (having the same spectral composition) of intensity Io if
where a is the fraction of a complete cycle during which the intermittent light acts. Experiment indicates that Talbot's law holds within the limits of experimental error over a wide range of intensities. It is the purpose of this note to show exactly what this means for a theory of photoreception. The assumptions which we shall make about the nature of the photoreceptive process are essentially similar to those which Hecht has made in numerous papers. 1 We have chosen, however, to express them in as general a form as possible, in order to provide the broadest possible theoretical basis for deduction.
We assume, first, that the state of the photoreceptor at any instant is completely determined by its previous history in respect of exposure to light. This assumption needs no special justification; clearly, it is implicitly made by all experimenters.
Second, we assume that photoreception involves two processes, essentially opposite in direction, one of which is sensitive to light, the other independent of light.
As we have phrased it, this assumption makes no specific statement about the physics or chemistry of the photoreceptor. The assumption itself is rendered plausible by the facts of light-and dark-adapta-tion and the steady state. Its eventual justification must rest on its ability to explain and predict the results of experiment. We should like to emphasize the fact that we do not imply that a complete account of photoreception can be given in terms of only two processes. We are convinced of the contrary; but we feel that the simplest and most general mechanism should be postulated initially.
A third assumption is necessary to describe the relation of the photoreceptor mechanism to sensation. It seems clear that sensation must in some way be connected with the rate of the photosensitive process. The facts of persistence of images show, however, that sensation is not determined by the value of this rate at any single instant. We must rather assume that the rate of the photosensitive process at any instant affects sensation over a period of time, and that therefore sensation is somehow determined by the value of the rate over a previous period of time. For our present purposes it is not necessary to make our assumption more precise; since we shall be dealing entirely with conditions under which the sensation produced is essentially constant, we need only assume that sensation is determined by the integral of the rate of the photosensitive process taken over a single cycle.
We may now express these assumptions mathematically. Let I =. light intensity x, y , z, ... = numerical values of the variables other than light intensity which determine the rates of the processes in the photoreceptor; ~1 = ~( I , x, y...) = rate of the photosensitive process; v~ = ~(x, y...)
---rate of the "dark" process.
From our first assumption it follows that there exist functional relations between the variables x, y, z , . . . , which will allow us to eliminate all hut one of these from the expressions for the rates; so that we may write without loss of generality rl = ¢1(I, X) and r~ = q~(X).
While light falls on the photoreceptor, the net rate of change of X will be
dt and when no light falls on the photoreceptor, the rate of change of X will be dX --= -,,(x).
dt Let us now suppose that the eye is exposed to intermittent light, the duration of a light flash being aAt, and the interval between flashes (1 -a ) At. Then (if At is short enough so that we may neglect second derivatives) we have during a light flash
and during a dark period
The net change in X over a complete cycle is AXL + &XD, which is zero when the steady state is reached; so that we have, after obvious simplifications:
In continuous light, when the steady state is reached, we have ,,(hxo) -*2(Xo) = 0.
Let us now suppose that the conditions of the experiment are such that the sensations produced by the two lights are equal. By our third assumption we may write S e n s a t i o n = , (fat ~(I,X) 
dt). (8)
If the period At is sufficiently short, we may write this as s ffi/(,,(1,x)~a).
The functionf we assume single valued and monotonic, at least within the range considered. (Were this not the case, we should have the possibility that an increase in illumination would result in a decrease in the sensation of brightness.) In the case of flashing light, the sensation over a period is
and in continuous light
If sensation in the two cases is equal, we have clearly 4, , (I, x), , At = 4, , (L, xo) ,at.
(n)
We now observe that (11), together with (6) and (7), allows us to write 4,,(x) = 4,,(so);
and if, as it is reasonable to assume, ~, is a single valued and monotonic function, we have
Talbot's law states that (11) holds only if Ic = a I . Using this and (13) we have
Now (14) is a functional equation of the form
/(zy) = x/(y).
Setting y = 1 we have as the solution of this equation I t therefore follows that the rate of the light-sensitive process must be of the form
Expressed in words, equation (15) shows that Talbot's law has as a necessary consequence that the rate of the photosensitive process is directly proportional to the intensity of the incident light. This result is completely independent of any assumption we may be led to make as to the manner in which the light and dark processes involve other variables than light.
S U M M A R Y
On the assumptions (1) that the state of the photoreceptor is completely determined by its previous history in respect of exposure to light, (2) that photoreception involves two opposed processes, one of which is light-sensitive, and (3) that sensation is determined by the rate of the light-sensitive process integrated over a short period, it is shown that Talbot's law has as a necessary consequence that the velocity of the light-sensitive process must be directly proportional to the intensity of the stimulating light.
